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O 57 E#: ARBISL Y. HGFRAGEFORAIC & SHGFORHRBE VS, HLLROTRSOEMENS B &L
= ARPOHGFREFEEALEFEICLY, HERSORNESRBICH L TRENLREFRAICLIARE
TS50 EMTE, SR, BULARZIOUN >EBECEVTRHEREOKE. EERONGNTREL S,

PSRT AVAILABLE COPY



WO 03/103721 PCT/IP03/07004

B
LB B AR T T A

-

AFEYL. FFMEBIEAER T (hepatocyte growth factor; HGEEETF % v 7= Y
NEREOWRE ITTFHICET 5, &0 EMIC:. HGF BEFSER &
UCBHT B MR E 1T 0A, R OBIARAE o 1 A A~ 5
TB LR LT HFEICET 5, |

HRB

FHHEREER F(HGF)IL, FEEMIEZ in vitroll BV CHIFESHAEF & L
TRESNZY A FIA 2 Th3 (Biochem.Biophys.Res.Commun.122: 1450 (
1984); Proc. Natl.Acad.Sci.USA 83; 6489 (1986); FEBS Letters 22: 231 (1
'987); Nature 342: 440-443 (1989); Proc.Natl.Acad.Sci. USA 87: 3200 (199
D)o HGFIXF 722/ — 4 VEER CHABBELENRERF ChH Y . 24
TRRBRIZ B\ THIRIRLR L MIREB 2 A T2 - L S bh T3 (Nature
342° 440-443 (1989); Biochem Biophys.Res.Commun. 239: 639-644 (1997);
J.Biochem.Tokyo 119: 591-600 (1996)), & b iz, FEETA R (s> h DRI $5
WCHBAR B SHERRTRE BT 2 EERET THE - & bABA T
% (Exp.Cell Res. 196: 114-120 (1991) ; Proc.Natl.Acad.Sci.USA 90: 1937-1
941 (1993); Gene Therapy 7: 417-427 (2000)), & &iz. HGFitin vivolc
WCRFRERT & LTHEROEHE - BACEET 52500 . MEHAER
=N ﬁﬂnﬁ%%@éﬁ}ﬂl’%%@%ﬁi TERFHICRE R ZE LR LEBEZ L
A BANTEN TV (Symp.Soc.Exp.Biol.47 cell behavior 227-234 (1993);
Proc.Natl.Acad.Sci.USA 90: 1937-1941 (1993);Circulation 97: 381-390 (199
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PED X 5. HGF ROBHERFOMELIILDHL L, Br OBEETT
trinh, EERE LTERT b0 RRABZSNTE L (RREZ0
F)10(3): 330-339 (1992), HGF ICit, 7 & %1, WIDRT & ) BARNEE &
hTW3,

M RIS BRTE 6-25010 B4,

S B IR AICE BT 6-172207 B24).

H AR PREIE R A (BT 6-340546 5-AH),

LR mpasETEIRER (FBRF 7-179356 SLH).

St IR VE RIS BRI (B T 7-258111 B-AH),

BIE AT 25 TR AN (R BRI 10-167982 B-A%).

PR IS FRAI (AT 11-246433 B-AH).

BIURSE B IAFRAI (4B 8-295634 FAH).

AR SE TS AREI (46 B 10-279500 S-A%H),

SRR RA (DA 11-1439 58,

FERPL R LA (B8 2002-87983 BAH) .

JARHESE T 5571 (36 B T 8-268906 B-A3%R).

BB R 1A (16 BT 8:59502 B-208).,

25— 5 L A REERI (BT 7300426 BAH).

B -+ ISR ARIRA (BT 7-138183 B-AH)

BRI (GBI 7-89869 B/A%H) |
 AMEERemEA (%% 2001-516358 5ARH) .

B2 ifn #4955 BB /BRI R TE A1 (WO00/07615 5),

FER R 15 H(WO098/32458 5).

2 A5 ARIERT 5213721 S2H).

B E{L3ERt (%A 5213733 BAH).
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FERER S TF 5279230 TAH),
E BRI (46 B8 Y 7-101876 B-AH).
S LA (BB 2002-78482 B,
BARBRERBISHRA (BT 9-87199 B-AH),
BHREISRA (B 10-316584 B-AH),
SR 2IHAI (55 F 10-310535 5-2AH).,
HE 55 K ERI(W096/32960 ),
FRRAIETE - A EFI(ER T 10-503928 B-AH),
T f HE AR 55 (L&) (B RS 10-509951 B-A%),
TR E W IR (BT 7-41429 BAH), BLO
BIBELE - 7Y =2 — 57 VU IRIBRAIGEEF 10-7586 5 AH)
5URyENAE R BEE. BIRN~ORER—@Th 5, RmERT
FACHRT B HGF ORETRBIRSLBIRA~OBRESFITSh TS
(Circulation 97: 381-390 (1998)), = & 3 f:@%%?xv*@m%ﬂ)ﬁi T IXBhARA
- ®&EIZX % HGF 0FDHHIALMcEhTVS %)a)@\. BAEMNRRBITRITS
HGF OFPRBEFERVREREITOVTLRERRBBLATVRY, &
iZ. HGF &>/ HOERHL LTOBERIBWCREL 2okDik, £0m
FICBIT D YLBHIOEE TH B, HGF O L1310 4 L < . TOiES
THEREBET L) ROFREL ST E L RAREECHo, £, BYHED
HGF % B8~ L0 L 5 ICERT 500 L W5 BELEH SN TWS,
DTEREDZEFITRT A EMORBH LA LI L 0, BEFE2HEEN~ZEA
THOBBEFIBRBAREL Rofe, —RICEGFRRIIBERESHLEBITIBT
FERTBZ LM TEB (Science 256: 808-813 (1992) ; Anal Biochem. 162:
156-159 (1987)), BEFIERERD S E B LTHICEELOX. BEFHADE
DOBEHBRNRI F—%BIRTEIELTHD, R, 7F /A ALREDIAL LR
BIRARY # —DBGEFEACBTEABRREShTE TS,
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L LERL, ROLIRTANARY F—ORENLRERELERSN TS
T3,

A NVADET BBREE,

EEORIBMIEIETICN VA LADKFEORH, BT
TANADRREREE IR EE

YA NARRY F—iCfRhbBFEE LT, VEY —bE T VRSBEE HCHA
F5 in vivo BEFUAFE. BBV HVLY HY — I RETEAEIHTR
SN TW3 (Science243:375-378(1989) ; AnalNY Acad.Sci. 772: 126139
(1995)). Bic. BFiEEAVCFEL. B, T8, DBEUREETES DR
B~D in vivo TOEEFHEABRII LTS (Gene Therapy 7: 417-427
(2000) ; Science 243: 375-378 (1989) ; Biochem.Biophys.Res.Commun. 186:
129-134 (1992) ; Proc.Natl.Acad.Sci.USA 90: 8474-8478 (1993) ; Ani.J.Physiol.
271 (Regulatory Integrative Comp. Physiol.40): R1212-R1220 (1996)).

Lo AR, HVI-) RY —ABICBV TR, YAAVRARTY RY —2 &) Riz
BUL I ARBETHY . EEAEETH S, Eh, HVI & U RY—ALBET
BT ERRESTYANART LY bEHEEN 1.3 FRE 2D, TORR. M
Bk ORATEMERBFERY A NVAD 10%UTIRBAT 22 & BEFEASRA
R, BADROBECEBSEET S LRELN TS, 2T, 0%
L TEDELBRETFRRYATRICTAFEL LT, VAVAEZYRE—TRI ¥
—Z AV ETFEAESER SH TV 5 (% 2001-026185/4 51 2001-286282),
HFETI, YAANIBAROERERRVTERLYANVAE T A VAT RO
—FL L, TOR~BEFEHATIILICLY, BHEE. £EERE~0E
BFEARZ F—L LTAVBIENTE D, ZOXIRVANATyRa—F
Ry F—RERTHILICLY., . BRG. FE. M. IRE, HJBAR, K&,
. B, D B B BEE. WE, B UL PRETOMER. 7
BEHAZcES, BoBPRCBETFZEATEZ I LAMOA TS,
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S TREECRMIAICRE Sh 5 MO ERBIZ, 2L EERERTH
5o BILERBICLBFEERITEEET LTE TN bOD, kAL LTED
FERICH I DI, £, B MRMOBRE L 5%l 4 S aRE,
Eﬁ%%ml%it@ﬁﬁ#%%ﬁ%ﬂm%aLrﬁzoaﬁfwéo

—RIT, RBIRCEMBIIRICR I 5 BE S o R OETIC & 5 0 M
2 X D BB T I Mo TV B RIB A BB L 5, BFSE. K
EUTOSOOWRACHESND (MEHSE. RABELE [ EmHE)
T4 7 VATV AWK, p54-55 (1992) ; AR DI MRENBEXRS 66
% MLEREE] FILBE, p28 (1996)), |
(DRBIROTCIRE & Bk & L, MO kR R OBREE TSI L 0 6

WREAZEE T L7, AR A B TERE & 72 5 B L
@ LAfUEee, T 5 SHME L BIREMR I & ) MEIIRDIER K4 Ui

BCh B MERE, RO N :
(VTHCTE P BIIR OISR & 7213 BN K 0 SRASEE ORI~ 0D L 35 2

THZ LItk DAL B MATH SRR

BHESEIC 50 Chr, BRI b b SOSMA I HEL L. S 1SRRI
TZORMESHELS . 0%, BEIREITBOT 5. BEEL 800 3 4 5
DEIATERFE L LCEHET 5. MEEIMOSREAY SR+, ME
WEEIEDI TV B, ZIEK &> CROERN S5 RELBLS L. &
BUSARMER OEEE L £ UL L 25, TORE. MESSELL. To%
DEERFEOBENRE SN 5 (BB, SRS [ B AEBHES 51% CTMRI
RrR DMz L&) BABER, p231-239 (1993)), MO—E CHEERRE - 5 -
LIED, EOEEAESTORBR, S, BE. BESOREREDLS,

feske, EMIITEMLICH L THC & SERIOICRE S LT 5, MEm
I & o TbT RS MERREBICE SN 2 CREYS 1. MITICE S,
RMRIEOWR K - SAEMITIE, MBI > BELRBREOS. E¥7 0
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g I BB D, TO%, WEAILE IVE. BRI Y Y AL FY RUT
Q—?Vﬁ»%m%meamM%&u;nmm&%ﬁkbn\wm%mzae
SRTWA, Ok >Rl B RTHNELE, AMRICI TEERER
¥FHC btk Y. BERORBELRBEOBRASTELEX b D, BE. M
FEC R 5 & LTHIVMEE, BERRBGERSOREX TR TY
5. BRI R BRI R RIA b T B2, BB
DEER R T B & DN B TR S EEE SR T B L b
BChY . TOERICY L > THEBCRELDETILERD .

BT AED b i 1 7 A UBOBMEREE Sh 2 RIEREERL, ST
OEANEE UL 2V EE2 bR TVSBILERE [T ERe=a 7 V] E
%%ﬁdunqmuwmx%@&@%ﬁﬁabrg%ﬁﬁwﬁ%ﬁmmxwr\
RBRFEIC Bl o TV VR R O ML % B & B 7o b MR VERRIREE /A /AT,
M4 PRI EEGR  SER IR D & O 2 BERRESTOA TS, L L2d b,
Mﬁ%m%wr%ﬁmﬁ%KKﬂEMEgéﬁﬁfw5%ﬁkﬁ\%@%@mﬁ
EU M EER ORI EOMM S ORMEE S MBS Lo B b H Y R
TroTWA (FIEE. PSR nES] 5 40 %5 4 54 655-665 H. E¥EE,
(1996) ; B #&HA Mmedicina ] 45 32 %% 11 54 2261-2263 H, E¥&H. (1991).

B, MEEAKHICER SN AEMT, HnEEER R h FEREE 2R
T fEREAZELTVND, Tk, HEERIFBRGRIEFPH/FCE IRE
REABLN TV AEOMELH Y, +FHHRTEZHO TR,

359 DB |

5 OB, ML FEEN S D REIC A > U h F SR 1 BRI
FABECERELZNELTHILNTE ZEAMORETH S, HGF BT
VEGFE&niomEHERTF & Bl v &4 Lt B OFBELEE bz b &2V,
i R EREE CIEAEEREOLEI L . BRESRNETCEC & 5B
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~OEEFBRSNB D, MEOFBIEAES bl b &4V HGF AVl

RECTFHH MO A EHFERTF & A B8 L ~THRITH 5,

AFEHO BRI, HGF B2 AV B BRI T 5 1R HRA £ 712 55
Al RUBEA TR MO SRS OREER O TFHEYRET 52 L Th 5,
B, AEROESELTOMY Th 5,

(1) HGF BEFXSET 5. MMEREE OERA LT,

(2) MOERESMFETSHS, (1) BROBIRAE = LT,

(3) BRREAITFUASER, AR, BRA, 27 CL, WH, FAA. &
B vay7 259 — BEYWOWRETHS, LE (1) 27 (2) D
RAIX 12T Bh5,

(4) BEFEVA VAT _O—T AOEY R — A, BESHY Ky
—AfE, HVJ-Y RY — b WRE HVI-Y RY — Ak, LEeF 2 —frEM:
BETFRAE, =T 4 7 VA TR LFITEBS T 2 MBICBAT 55
¥, naked-DNA Itk HEEEALE, # L BEBHRY v —ick 58AR
DVFTUPIT L VBIBICBAT R0, (1) ~ (3) WiFhhicRBkon
AN E 121X F 5%,

(5) BETF & HVI-T 0 _u —FHi & O MBIKBAT B 200, (1) ~ (3)
WP AN IR O ARA E 7 12 T BRI,

(6) HGF BEFEMABMICHAT 2 TEL S, MO FBEDBEE =X
FBE, |

(7) BMERESBTETHS, (6) BMOBEE £ IXFHE,

(8) HGF Bf5F% HVI- = _Ru—FHEIZ L Y 2~3 ERALEmIic A+ S =
aaEte, (6)EiI(7)EBBOBEE IT T,

(9) FAEHEEDIBREE 7= T FHAORED - 0 HGF BEFOER,

(10) MOERESMEETHS, (9) ERO HGF BET OB,

FRECBVTHERTS THGFRET] Lid. HOFEGE 5~/ B2 %5
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TE IS F R8T, o T, BEEST &ix. DNA, RNA, cDNA, mRNA
BOEEBRSTF 18T, AE&EBICE, HGF # 2— K15 cDNA iZ, #I i Nature
342: 440 (1989), 45 2777678 H4#. Biochem Biophys Res.Commun.
163:967 (1989)& Iz B & TWw5, HGF 2 =2— K43 cDNA DB EEFIILAT
SEERICRME LTV B4, GenBank £DF—# X—RT b RFEIN TV D,
b, ZhbOEFIFERETICEY RESHS % PCR 7 I A4 v—& LTRAW,
BlziE. FFiE. AmERESEoO mRNA 23t LT RT-PCR #1759 Z &2 & ¥ HGF
DDNA %I n—=V P TBILRTED, 20X BRI u—=V ik, HRE
<#iuE. BliE. Molecular Cloning % 2 (Cold Spring Harbor Laboratory
Press (1989)&DEABICRVEBIITS Z &R TE D, ¥, ¥/ ADNA T
AFSY—B R V—=v T TR EicEY, ¥/ LDNAZEEETHILDHT
%5,

X biz. AFHEO HGF BEFIHZ b cDNA KUY/ A DNAKRES 1
P RESND Ly ERERGIC HGF LA CEREETHH V0 BE =
— Rk FBRY . ARBICH 5 HGF BET & LTRAT 52 28 TE 5, b,
DBTSECDNA & % k) ¥z v b & TCAL 7Y F4 XFHHR, F10i3 2)
MEMDNAK LD a— F&nB 4 VA7 EOT I 7 BEICH L TIELSIHE
HOFE L BEEOT I BiKK, B, AMEROERRBBASRET I/
BEFIN bR B Y A B a— FTBEED > b HGF O#EH T 55 /3
s R a— K5 b0 ThE, ARBICBVTERSHhE S HGF #ET O
B S ENG, MR DRUDOKBIIH T, B HROEAERERE, PC
R # (Current Protocols in Molecular Biology edit. Ausubel et al. (1987) p
ublish. John Wiley & Sons, Section 6.1-6.4 8H), ¥XBEHONATYF
A ¥—3 3 L ¥(Current Protocols in Molecular Biology edit. Ausubel et al.

(1987) publish John Wiley & Sons, Section 6.3-6.4 BR)EDOHEIC LV E
BIBBHTLNTE B,
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Bib, 4gEThHIL, A80 HGF BEFORFE LI z0—8% S u—7
S ELT, HV, % DNA LRERIA T Y A XT B4 IR vAF R |
754 v—, LT BDNA EnA 7Y 4 X BB E BT 5 - L 8 TE B,
BEmO HGF LBREAICRSRE VRV B a— Ry 3BBEB37DDN AT
YEA¥—=Ta DRI P2 bRERELTIR, & 1x8SC, 37°C)
BEORGNET b, & DB LS E LTk 10.5XSSC, 0.1%SDS, 42°C]
BE, EbIBLVWEMAL LTiX 10.1XSSC, 0.1%SDS, 65C] BEDLE%
BFoLBTED, "MMTIVFAE—Va v OEBEM <BRETIE, T
—7mﬂaﬁﬂﬁwamEW%ﬁ¢6&@%¥%¢6 ERTEB, EL, ZZ
TEJ7- SSC. SDS &(ﬁiﬁﬁizou\’c@%{ﬂi%f;Za%z?@&:D\ YUEETDH
nﬁ\:n&o%#\&wfu—7ﬁ§\7u—7®§é\ﬁmﬁﬁgwiwm
-@A47uﬁ4€—93yox$vazva%&ifé%#QM%Lr\L
%&@%ﬁ@zbuy?:yv—m%%h&%#&agr“ﬁﬁé LBTEB,
EROESBALTY F LB -2 3 iEE R PCR Bt LY BBt h %8
LY a—Fahdy 7 Hid, ERAMO HGF # V7 BiTH L TEES
WS BESIERE R AT B, BRI L7 & b 50%BLE, & bick
FLIL T0%LE, EDITHEEL <X 90%S (B X iE 95% LA b)) DERFIHE R
#1487, 73 BEFICHERFIOR IR, Karlin and Altschul 2 & 5 7 1=t
Y X 2 BLAST(Proc.Natl.Acad.Sci.USA 90: 5873-5877 (1993))iZ & o THES
BILBTED, ZOTNIY XAITESWT, BLASTN % BLASTX &0 7 1
77 LM BA%E STV 5 (Altschul et al. J.Mol.Biol. 215: 403-410 (1990)),
BLAST £ #-3& BLASTN I & o THERSIZ BT+ 2 B8, ST A —F —
{EB1 21T score=100, wordlength=12 &35, %7, BLAST iz %-3% BLASTX
K& oTT 3/ BB LT 5BEITIE, T A—& —3H2iF score=50,
wordlength=3 &3 %,BLAST & Gapped BLAST 71z 7/ 5 A % i\ BT i,
BT SADT 7N RTA—E—2BNB, ZhbOMENSED B
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F#:13/A%01C % 5 (http://www.ncbi.nlm.nih.gov), ,

PLED & > AR BVTHERA S5 HGF BEFE. TRETFITE Y 2—
k&RBF s B HOF BHAATHR) . RAMKRUATHCMESL
B CH o Th BV, HGF i1 in vitro K BW T EEMROMMERESED
ENRETR, HoT. EROEILTAALTY ¥4 XBESICL VB O
S 7 TR HOF R T 5 80 LI BT & 0 21— K &N 5 7 230 BHHGF
EA BB E D hi, IR, BF L B in vitro \I 1T BB
ORI T ARBYARDIILILIRETHI LN TE 5,

Kic. ARHORETERICBOTHAN bh 3 RETFEASE, BARBRT
WA REITOWNTRBT S,

HGF ET 2 AMRA &+ o RETRIANEBECRET 55 L LT,
T ANARYT =" ANBFEE, VANVARZ I BVBFED 221TK
BITE D, RRFIBHIC~s 5 —ORME, BEEEIHLHIRENTOD
| BUSRRES R T RO BN, % HH(1906) ; BIRSBIE METHA
ERBARNTERIE, 11997 ; BAREFREEE SRR T HRMARIE
ARy TR T 40— 22(1999), BT, ENHDONRZ F—RUFIEIT
ST B BAT B, | |

B DY A N AREFRRAY 7 —i B & T 5 RETFMZAEN SR
2 BEANY H—BRNT, UFOE > REHIC L) BHRET 2 MROARICE
ATBILRTED,

MR A~OBETFEARE LTRY BT =2 va ik ) VB ALY hIEITE,
DEAE—?%Zbiyﬁ\ﬁ¢ﬁ§xg%%thNA®E§ElE¥ﬁ%ﬁ
BB, £, ME~ORETHARL LTEYA MR -2 0T, R
Y A Y — A(nternal type liposome)ic & 3 BETFEAR. BESHY #Y —A
(electrostatic type liposome) 12k 2EEFHARL, HVI-URY — A%k, &R
) HVJ- Y R Y — AEHVI-AVE U R Y —Ai5), VeSS —NTEERBEFEARE,
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PR—F 4 7N A CHREGRST) & iz DNA 4F 2 MBIKBAT 55k,
naked-DNA OEBEEAE, EEBHHY v —Iz L5 BABZEOVTHADFEIC
LY. EBARBENRS F—FHARNICRVIAEES Z LR TE B, |

ZD5H HVI- Y HY — AIFEER TG Y %Y —Athic DNA 23
AL.EBIZZDYRY — A ERERLIEE F 4 U A )V Z(Hemaggulutinating
virus of Japan'HVI) & 2 A S ® b DO TH D, YUK HVI- ) R Y — LIRS
DYARY—AEEHBLT, MEEL ORSEESERICENT & 2EHE 5
bOTHY , HIHFE LVEATEO— > Th 5, HVI-Y Y — A0RRMEIC
WTIE, BIRSERRE 3 R T AR O BB, % 141996 ; BIERES B
FEA&RBRBITERE. F£1L£5(1997) ; J.Clin.Invest.93:1458-1464(1994);
Am.J.Physiol. 271: R1212-1220(1996)F IZF L< B b TWB, ¥ HVI Y
WY — Ak L i, B2 1X Molecular Medicine 30: 1440-1448(1993); ERES 12:
1822—1826(1994); ERH - BB - BER 42,1806-1813(199N & IO KL T
Y HFELIF ‘Circulation 92(Suppl.11): 479-482(1995) - AL D F BT b
s, .

i, AEHO HGF BEFOREICBONTHIZHEE LWEEE LTYA L X-
ToRa—FERNWEFEERBTEZ LB TES, YA VAT R — PR
SN 9 A N ACTLORENS 5 — & REERAGE T CRAT 55, 2113,
VANREREBENRY F— L OREBREWRBAET I LICX VRTS8 T
&% (4FBE 2001-026185/4683 2001-286282), |

VANR-TZRa—TEILBWTHAWRI LB TEDLUANVAE LTI, Hix
E.vrevAR, PIUALAALR, aaF A VR, TTETAL LR, 53
TITANR, FNVNIITITALRN, T=F¥IANAR, TTRIALAALR, By
JARAGANR, "RRAYAL VA, NFaa g VA, ~XFFULALREDOR
BT BUANR, HTHEE LI HVI BEFbND, SIT, 94 LRE
LTiE, BARRUCHEBZBEONTADO VA NZAERANWDZ ERTE B, i
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HGF/HVJ pVAXI/HVI £EHiEK p {E

RE 250.4+2.0 253+2.3  251.8+2.4
MFE(GLBRT) 88.6+1.9 88.8:.3.7  88.5:2.1
mE (RiE#%) 82.4+1.7  81.2+3.8 82.8+1.4
{8 (JLERT)  37.4+0.1  37.3+0.1 37.2+0.2
B (nE#R) 37.6+0.1 37.1x0.2 37.4+0.2
NSS (1hr) 1.0+0.2 1.3+0.4 1.4+0.2  p<0.05*

NSS (24hr) 1.0+0.1 1.4+0.2 1.3+0.3  p<0.05*
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DESCRIPTION

AGENTS FOR GENE THERAPY OF CEREBROVASCULAR DISORDERS

Technical Field

The present invention relates to the treatment or prevention of
cerebrovascular disorders by using a hepatocyte growth factor (HGF) gene.
More specifically, the present invention relates to agents for treatment
or prevention, that comprise an HGF gene as an active ingredient, and
methods that comprise the step of administering such an agent to a target

site.

Background Art

Hepatocytegrowthfactor(HGF)iseacytokinediséoveredasaifactor
that causes proliferation of hepatic parenchymal cells in vitro (Biochem.
Biophys. Res. Commun. 122: 1450 (1984); Proc. Natl. Acad. Sci. USA 83:
6489 (1986); FEBS Letters 22: 231 (1987); Natufe'342: 440-443 (1989);
Proc. Natl. Acad. Sci. USA 87: 3200 (1991)). HGF is a
plasminogen-related and mesenchyme-derived pleiotropic growth factor,
and is known to regulate cell growth and cell mdtility,inAvarious types
6f cells (Nature 342: 440-443 (1989); Biochem. Biophys. Res. Commun.
239: 639-644 (1997); J. Biochem. Tokyo 119: 591-600 (1996)). HGF is
also known to be an important factor regulating embryogenesis and
morphogenic processes in the regeneration of a number of organs (Exp.
Cell Res. 196: 114-120 (1991); Proc. Natl. Acad. Sci. USA 90: 1937-1941
(1993); Gene Therapy 7: 417-427 (2000)). HGF not only contributes in
vivo as a liver regeneration factor in the repair and regeneration of
damaged liver, it has also been shown to possess an angiogenic effect,
and can play an important role in the treatment or prevention of ischemic
or arterial diseases (Symp. Soc. Exp. Biol. 47 cell behavior 227-234
(1993); Pfoc. Natl. Acad. Sci. USA 90: 1937-1941 (1993); Circulation
97: 381-390 (1998)).

Since HGF displays a variety of functions, including angiogenic
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functions, 'as described above, various studies for its use in
pharmaceuticalagentshaVebeencarriedout(JikkenIgaku(Experimental
Medicine) (supplementary volume) 10(3): 330-339 (1992)). For example,
there are reports of using HGF as an: V

anticancer agent (Unexamined _Published Japanese Patent
Application No. (JP-A) Hei 6-25010) ;

therapeutié agent for lung injuries (JP-A Hei 6-172207) ;

‘agent for relieving the side effects of cancer therapy (JP-A Hei
6-340546); =

agent for enhancing the growth of epithelial cells (JP-A Hei
7-179356) ; | |

agent for relieving the side effects of immunosuppressants (JP-A
Hei 7-258111); '

therapeutic agent for fulminant hepatitis (JP-A Hei 10-167982) ;

therapeutic agent for myocardial infarctions (JP-A Hei
11-246433);

therapeutic agent for arterial diseases (JP-A Hei 8-295634) ;

therapeutic agent for obesity (JP-A Hei 10-279500) ;

therapeutic agent for dilated cardiomyopathy (JP-A Hei 11-1439);

therapeutic agent for amyotrophic lateral sclerosis (JP-A
2002-87983) ; | o |

preventive agent for pulmonary fibrosis (JP-A Hei 8-268906);

therapeutic agent for cartilage disorders (JP-A Hei 8-59502);

collagen.degradation-promoting agent (JP-A Hei 7-300426);

therapeutic agent for gastroduodenal diseases (JP-A Hei
7-138183) ;

therapeutic agent for cranial nerve disorders (JP-A Hei 7-89869) ;

therapeutic agent for acute renal failure (Published Japanese
Translation of International Publication No. 2001-516358) ;

' therapeutic agent for ischemic diseases/arterial diseases (WO

00/07615);

.therapeutic agent for diabetes (WO 98/32458);

external agent for hair (JP-A Hei 5-213721);



10

15

20

25

30

dermal cosmetics (JP-A Hei 5-213733); v
agent for promoting hair growth (JP-A Hei 5-279230);
\ agent for increasing megakaryocytes. (JP-A Hei'7-101876);
| differentiation-inducing agent (JP-A 2002-78482);

therapeutic agent for renal glomerular diseases (JP-A Hei

9-87199) ;

therapeutic agent for cachexia (JP~A Hei 10-316584);

therapeutic agent formultiple organ failure (JP-A Hei 10-310535);

therapeutic agent for ischemic diseases (WO 96/32960);

agent for cell proliferation and differentiation (Published
Japanese Translation of International Publication No. Hei 10-503923);

agent for growth and differentiation of hematopoietic cells
(Published Japanese Translation of International Publication No. Hei
10-509951) ; -

agent for improving neuropathy (JP-A Hei 7-41429); and

therapeutic agent for hypoglycemia and glycogen diseases (JP-A
Hei 10-7586). o

Typically, proteinaceous formulations are administered
intravenously. In ischemic disease models, HGF administration is
exemplified by intravenous and ihtra—afterial, administration
(Circulation 97: 381-390 (1998)). Although intravenous or
intra-arterial HGF administration has been shown to be effective in this
type of animal model, no conclusions have been reached regarding
effective methods of administration, dosages, and such of HGF for
specific diseases. In particular, HGF’s short half—lifeAin the blood
has emerged as a problem when applying HGF proteins as pharmaceutical
agents. Since the half-life of HGF in the blood is short as ten minutes,
it has been difficult to maintain HGF concentration in the blood at a
level where HGF functions sufficiently. Furthermore, another challenge
has been raised regarding the delivery of an effective amount of HGF
to affected sites.

Thanks to remarkable technological progress in the field of

molecular biology, gene therapy involving the introduction of genes into
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cells is now possible. Gene therapy can generally be used in various
medical treatments (Science 256: 808-813 (1992); Anal. Biochem. 162:
156-159 (1987)). Selecting an appropriate vector for gene transfer is
particularly important for successful gene therapy. So far, vectors
derived from viruses such as adenoviruses have been suggested for use
in gene transfer.

However, viral vectors have also been suggested to potentially
have the following dangers:

viral 1nfectlon—assoc1ated toxieity;

development of viral pathogenicity associated with the depressed
1mmunolog1cal function of the host;

mutagenic or carcinogenic nature of the viruses; and such.

As an alternative to methods using viral vectors, in vivo gene
transfer methods using liposomes together with viral outer membranes,
or HVJ-liposome-mediated gene transfer methods, have been developed
(Science 243: 375-378 (1989); Anal. NY Acad. Sci. 772: 126-139 (1995)).
Invivogenetransfersintovarioustissues,includingtheliver,kidney,
vascular wall, heart, and brain, have been successfully accomplished
usingthesenmthods(GeneTherapy7:417-427(2000);Science243:375—378
(1989) ; Biochem. Biophys. Res. Commun. 186: 129-134 (1992); Proc. Natl.
Acad. Sci. USA 90: 8474-8478 (1993); Am. J. Physiol. 271 (Regulatory
Integrative Comp. Physiol. 40):R1212-R1220 (1996)).

However, since methods using HVJ-liposomes require different
vehicles,suchaS\dlusesandliposomes,theyarecomplicatedtopmepare.
Furthermore, fusing HVJ virions'with liposomes makes the average
diameter of the resultant particles 1.3 times that of a viral particle.
This increased diameter is known to reduce cell fusion activity to 10%
or less of that of a wildtype virus, and there are tissues to which gene
transfer is impossible or inefficient. Accordingly, a gene transfer
method that uses viral envelope vectors was developed as a method that
allows safer and more efficient gene therapy (Japanese Patent
Appllcatlon No. 2001- 026185 / JP-A 2001-286282). In this method, an

inactivated virus, which cannot replicate viral proteins, is used as
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a viral envelope, and genes are enclosed within this viral envelope.
The vector can be used for gene transfer into cultured cells, biological
tissues, and such. The use of such viral envelope vectors is known to
enable safe and highly efficient gene transfer into the liver, skeletal
muscle, uterus, brain, eyes, carotid arteries, skin, blood vessels,
lungs, heart, kidneys, spleen, cancer tissues, nerves, B lymphocytes,
respiratory organ tissue, suspended cells, and such.

" Cerebrovascular disorders, represented by cerebral infarctions
and intracerebral hemorrhages, are important diseases that are also
socially éignificant, Although mortality due to cerebrovascular
disorders has declined in recent years, such diseases are still highly
ranked causes of death. Patients affected with the aftereffects of an
ischemic cerebrovascu%ar disorder, and hospitalized or outpatients
being treated by clinical institutions, still continue to increase.

Generally, a cerebral infarction is a condition whereby the brain
tissue becomes irreversibly necrotic, due to ischemic lesions caused
by occlusion, or by a decrease of perfusion pressure in the cerebral
artery or carotid artery. Cerebral infarctions can be categorized into
following three major groups (Manabe, H., and Omae, T. Ed. “Nou-Kekkan
Shogai (Cerebrovascular disorder)” Life Science Publishing, p54-55

(1992); Imura, H. et al. Ed., “Saishin Naikagaku Taikei Dai 66 Kan
Nou-Kekkan Shogai (Integrated handbook of internal medicine, Vol. 66,
Cerebrovascular disorder)” Nakayama Shoten, p28 (1996)): '

(1) cerebral thrombosis, in which ischemic necrosis occurs in
thecerebraltissueasearesultofarterialocclusioh,wherethearterial
occlusion is caused by increased blood viscosity, decreased perfusion
pressure,orsuch,érisingfromscleroticlesionsinthecerebralartery;

(2) cerebral embolism, in which an embolus forms in the cerebral
artery due to an intracardiac thrombus or, although rare, due to a
thrombus detached from the arterial wall; and

(3) hemodynamic infarction, caused by reduced blood flow to fhe
peripheral braiﬁ tissue due to the constriction or occlusion of the

cephalic artery or intracranial cerebral artery.



In cerebral infarction, a cerebral edéma occurs within a few hours
of the onset of disease, and this condition continues for approximately
one week after onset. Thereafter, the edema gradually decreases, but
bécomesfixedasenlinfarctedareawithinonetothreenwnthsafteronset.
The cerebral edema causes the volume of the brain to increase. Since
the brain is covered with a hard cranium, when the volume of the brain
‘exceeds a certain limit due to the cerebral edema, rapid increase in
tissue pressure and intra-cranial pressure results. Thus,braiﬁdamage
worsens, and thereafter, the extent of the infarcted area is fixed
(Inamura, K., Terashi, A. “Nippon Rinsho, Dai 51 Kan, CT, MRI Jidai no
No-Sotchu Gaku, Jo-Kan (Nippon Rinsho, Vol. 51, Cerebral Apoplexy in
the Age of CT and MRI, No. 1)” Nippon Rinsho, p231-239 (1993)). When
an infarction occurs in a section of the brain, those functions carried
by the affected part, such as cognition, perception, sense, and memory,
are lost. ' '

To date, nerve cells have been clinically recognized as being
vulnerable to ischemia. Certain types of nerve cells are damaged when
placed under ischemic conditions for only a few minutes, and these cells
subsequently die. In hippocampal formations and pyramidal cells under
ischemic conditions, a conduction block occurs after significant nerve
excitation associated with depolarization.’ Subsequently, cell
functions are lost dﬁe to the cytotoxicity caused by increased levels
of extracellular glutamic acid, intracellular calcium ion, free
radicals, and such, and the cells eventually die. If the irreversible
changes caused by ischemia can be appropriately treated in an acute stage,
it is thought that mortality rates can be improved, and aftereffects
alleviated. Current treatment for cerebral infarction involves
administering antiplatelet agents, agents for improving cerebral
circulation and metabolism, and such. Among these antiplatelet agents,
pharmaceutical agents effective for treating acute stage cerebral
thrombosis exist. However, since these agents promote hemorrhagic
cerebral infarction in patients suffering from cerebral hemorrhages or

cerebral infarctions that develop symptoms similar to cerebral
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thrombosis, their use in these patients is contraindicated, and the

- disease type must be carefully diagnosed when using such agents.

\ During the acute stage, the use of agents for improving cerebral
circulation used for administration during the chronic stage, which is
approximately one month after the cerebral infarction attack, is

considered unfavorable (Kameyama, M. Ed. “Nou-sotchu Chiryou Manyuaru

'(TreatmentManualoberebralApoplexy)”Igaku—Shoin;p172-173(1991)).

Reperfusion therapy such as thrombolytic therapy, bypass surgery,
thrombendarterebtomy, and embolectomy are used as alternative methods
of treatment during the hyperacute stage, in order to re-establish blood
flow to regions where cells have not yet died. However, when the brain
tissue is already irreversibly damaged by the cerebral infarction, the
subsequent re-establishment of blood flow is problematic due to the
danger of aggravating tissue injury, such as increasihg'the hemorrhagic
infarction and cerebral edema (Okada, Y., “Shinkei Kenkyu no Shinpo
(Progress in Neurologic Research)” Vol. 40, No. 4, p. 655-665,
Igaku-Shoin, (1996); Takahasi, A. “medicinaV.Vol. 32, No. 11, p.
2261-2263, Igaku-Shoin, (1991)). ' |

- At present, the pharmaceutical agents used in the acute stages
of cerebral infarctions are risky in that they may cause hemorrhagic
infarctions and ischemic/reperfusion injuries. Furthermore, these
agents are not completely satisfactory due to other problems such as
the limited pathogenic conditions targeted, and the limited period over

which administration is expected to be therapeutically effective.

Disclosure of the Invention

An objective of the present invention is to provide pharmaceutical
agents that can reduce the degree of brain injury caused by cerebral
ischemic/reperfusion injuries associated with reperfusion after blood
flow to the brain has been cut off. The HGF gene differs from other
angiogenesis factors, such as VEGF, in that it does not increase the
permeability of newly produced blood vessels. In cerebrovascular

disorders in particular, increased vascular permeability increases the
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danger of injury to cerebral tissues by cerebral edema and -increased
intracerebralpressure.‘Thus,therapeuticandpreventivenethodsusing
HGF that do not increase vascular permeability, are advantageous
compared to methods using other angiogenesis factors.

An objective of the present invention is to provide therapeutic
or preventive agents that use an HGF gene, against cerebrovascular
disorders, and >to provide methods of treating and preventing
cerebrovascular disorders using these pharmaceutical agents. More
specifically, the present invention is summarized as follows.

(1) An agent for treating or preventing a cerebrovascular disorder,
wherein the agent. comprises an HGF gene. | '

(2) The agent of (1), wherein.the cerebrovascular disorder is a cerebral
infarction.

(3) The agent of (1) or (2), wherein the agent is in the form of a tablet,

pill, sugar-coated tablet, capsule, liquid, gel, ointment, syrup,

.slurry, or suspension.

(4) The agent of any one of (1) to (3), wherein the agent is used to
transfer a gene into a cell by a method employing a viral envelope vector,
internal type liposome, electrostatic type liposome, HVJ-liposome, or
improved HVJ-liposome, a receptor-mediated gene transfer method, a
method for transferring a nucleic aéid molecule along with a carrier
into a cell by using a particle gun, a direct introduction method using
a naked-DNA, or an introduction method using a cationic polymer.

(5) The agent bf any one of (1) to (3), wherein the agent is used to
transfer a gene into a cell by employing an HVJ—envelope.

(6) A method for treating or preventing a cerebrovascular disorder,
wherein the method comprises the step of introducing an HGF gene into
a mammal.

(7) The method of (6), wherein the cerebrovascular disorder is a cerebral
infarction.

(8) The method of (6) or (7), wherein the method comprises the step of
introducing an HGF gene into a mammal two to three times by employing

an HVJ-envelope.
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(9) Use of an HGf gene to produce an agent for treating or preventing
a cerebrovascular disorder.

(10) The use of the HGF gene of (9), wherein the cerebrovascular disorder
is a cerebral infarction.

The term “HGF gene” as used in this invention refers to a nucleic
acid molecule that can express an HGF (an HGF protein). Herein, the
term “nucleic acid molecule” refers to molecules such as DNAs, RNAs,
cDNAs, and mRNAs. Specifically, cDNAs that encode HGF are described
in, for example, Nature 342: 440 (1989), Patent No. 2777678, and Biochem.
Biophys. Res. Commun. 163: 967 (1989). The nucleotide sequences of
cDNAs encoding HGF are described in the aforementioned literature, and
are also registered in databases such as GenBank. Based on this sequence
information, cDNAs of HGF can be cloned by using appropriate sequence
segments as PCR primers, and by performing RT-PCR using, for example;
mRNAs derived from the liver or leukocytes. One skilled in the art can
readily perform such cloning by following fundamental texts, such as
Molecular Cloning 2nd edition (Cold Spring Harbor Laboratory Press)
(1989) . Furthermore, by screening genomic DNA libraries, genomic DNAs
can be isolated.

The HGF genes of this invention are not limited to these cDNAs
and genomic DNAs. As lohg as a gene encodes a protein that, when
expressed, has practically the same function as HGF, the gene can be
used as an HGF gene of this invention. More specifically, the HGF genes
that can be used in this invention encompass 1) nucleic acids that
hybridize under stringent conditions with an aforementioned cDNA, or
2) nucleic acids encoding proteins that comprise an amino acid sequence
of a protein encoded by an aforementioned cDNA, in which one or more
(preferably several) amino acids are deleted, substituted, added,
and/or inserted, so long as the proteins encoded by such nucleic acids
have a function of HGF. The nucleic acids of the aforementioned 1) and
2) can be readily obtained by methods such as site-directed mutagenes-is,
PCR methods (see; Current Protocols in Molecular Biology edit. Ausubel

et al. (1987) John Wiley & Sons, Sections 6.1-6.4), or conventional
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hybridizationn@thods(see,CurrentProtocolsleMolecularBiOlogyedit.

~Ausubel et al. (1987) John Wiley & Sons, Sections 6.3-6.4).

More specifically, by using a known sequence of an HGF gene, or
a portlon thereof as a probe; or by using an oligonucleotide that
spec1f1callyhybr1dlzesw1ththatDNAsequenceasa;njmer,thoseskilled

intheartcanisolatenucleicacidsthathybridizewiththatDNAsequence.

fStringent hybridization conditions for obtaining nucleic acids that

encode proteins functionally equivalent to known HGF are normally “1x
SSC at 37°C” and such, more stringently “0.5x SSC and 0.1% SDS at 42°C”
and such, and even more etringently "0.1x SSC and 0.1% SDS at 65°C” and
such. When more stringent hybridization conditions are used, nucleic
acids comprising sequences more homologous to the probe sequence can
be isolated. However, the SSC, SDS, and temperature conditions recited
herein are only examples. One skilled in the art can readily set
conditions that constitute the same degree of stringency as the
above- -described, by considering the above-mentioned conditions and
other conditions that determine the strlngency of hybridization, such
as probe concentratlon, probe length, and reaction time.

The amino acid sequences of the proteins encoded by the nucleic
acids isolated by the above-mentioned hybridization methods or PCR
methodsusuallyshowhighhomologytocmnventionallyknewnHGFproteins.
The term “high homolegy” refers to a sequence homology of at least 50%
or more, more preferably 70% or more, even more preferably 90% or more
(for example, 95% or more). The sequence identity of amino acid
sequences and nucleotide sequences can be determined using Karlin and
Altschul’s BLAST algorithm (Proc. Natl. Acad. Sci. USA 90: 5873-5877
(1993)). Programs such as BLASTN and BLASTX have been developed based
on this algorithm (Altschul et al. J. Mol. Biol. 215: 403-410 (1990)).
When nucleotide sequences are analyzed using BLASTN, based on BLAST,
parameters are set, for example, at score = 100 and'wordlength = 12.
When amino acid sequences are analyzed by using BLASTX, based on BLAST,
parameters are set, for example, at score = 50 and wordlength = 3. When

using the BLAST and Gapped BLAST programs, the default parameters for



10

15

20

25

30

11

the respective programs are used. Specific techniques for these

- analytical methods are well known (http://www.ncbi.nlm.nih.gov).

\ As described above, the HGF genes used in this invention can be
naturally occurring or artificiél nucleic acids, as long as the pro.teins
encoded by the genes comprise HGF activity. HGF has the activity of
promoting the in vitro proliferation of hepatic parenchymal cells.
Therefore, it is possible to determine whether the proteins encoded by
the nucleic acids obtained by the above-described hybridization methods
or such, or the proteins encoded by the nucleic acids of .a modified
naturally occurring HGF gene, have HGF activity, by, for example,
investigating the effect of these proteins on the in vitro proliferation
of hepatic parenchymal cells.

The gene transfer methods, transfer forms, transfer amounts, and
such used in the gene therapies of this invention are described below.
' Methods for administering gene therapy agents comprising an HGF
gene as an active ingredient can be classified into two groups: methods
using non-viral vectors; and methods usingn'Viral. vectors. The
preparation methods, administration methods, and such for these vectors
are described in detail in experiment manuals (Jikken Igaku
(Experimental Medicine) Supplementary Volume, “Idenshichiryo no
Kisdgijyutsu (Fundamental Techniques for Gene Therapy)”, Yodosha, 1996;
Jikken Igaku (Experimental Medicine) Supplementary Volume,
“Idenshidonyu & Hatsugenkaiseki Jikkenho (Experimental Methods for Gene
Transfer & Expression Analysis)”, Yodosha, 1997; ™“Idenshi-chiryo
Kaihatsu Kenkyu Handbook (Handbook of Gene Therapy Research and
Development)”, Nihon Idenshichiryo Gakkai (The Japan Society.of Gene
Therapy) Edition, NTS, 1999). Such vectors andmethods are specifically
described below. :

A recombinant vector, where a target gene has been inserted into
a conventional non-viral gene expression vector, can be used to introduce
a target gene into cells and tissues by the methods shown below.

Examples of methods for transferring genes into cells are:

lipofection methods, calcium-phosphate co-precipitation methods,
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DEAE-dextran methods, methods of direct infusion of DNA using a glass
capillary tube, etc.. Methods for transferring genes into tissues
include methods using virus envelope vectors, internal type liposomes,
electrostatic type liposomes, HVJ-liposomes, improved type
HVJ-liposomes (HVJ-AVE liposomes), receptor-mediated gene transfer
methods, methods for transferring carriérs (such as metal particles)
along with DNAé dsing particle guns, methods for directly introducing
naked-DNAs, introduction methods using positively charged polymers,
etc. | |

The . aforementioned HVJ-liposomes are constructed by
incorporathx;aDNAintoaliposomeformedbya]ipidbilayer,thenfusing
this liposome with an inactivated Sendai virus (hemagglutinating vifus
of Japan; HVJ). The use of HVJ—liposomes is characterizedknzextremely
high cell membrahe fusion compared to conventional liposome methods,
and is one of the especially preferred forms of introduction. Methods
for preparing HVJ-liposomes are described in detail in, for example,
Experimental Medicine Supplementary Volume, “Idenshichiryo no
Kisogijyutsu (Fundamental Techniques of Gene Therapy)”, Yodosha, 1996;
Experimental Medicine Supplementary Volume, “Idenshidonyu &
Hatsugenkaiseki Jikkenho (Experimental Methods for Gene Transfer &
Expression Analysis)”, Yodosha (1997); J. Clin. Invest. 93: 1458-1464
(1994); Am. J. Physiol. 271: R1212-1220(1996). Methods for using the
HVJ-liposome are described in, for example, Molecular Medicine 30:
1440-1448 (1993); Jikken Igaku (Experimental Medicine), 12: 1822-1826
(1994); and Tanpakushitsu Kakusan'Kouso (Protein, Nucleic Acid, and
Enzyme), 42, 1806-1813 (1997); and preferably described in Circulation
92 (Suppl. II): 479-482 (1995).

Furthermore, methods using viral envelopes are particularly
preferred methods for administering an HGF gene of this invention.
Viral envelopes can be prepared by mixing a purified virus with an
expression vector of interest in the presence of a surfactant, or by
freezing and thawing a mixture of a virus and an expression vector
(Japanese Patent Application No. 2001-026185 / Jp-A 2001-286282) .
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The viruses that can be used in the methods using viral envelopes

- are viruses belonging to families such as the retrovirus, togavirus,

coronavirus, flavivirus, paramyxovirus, orthomyxovirus, bunyavirus,
rhabdovirus, poxvirus, herpes&irus, baculovirus, and hepadna&irus
families, and are especially preferably HVJs. Herein, these viruses
can be either wild-type or recombinant viruses. 1In particular, a
recombinant HVJ reported by Hasan, M. K. et al. (J. General Virol. 78:
2813-2820 (1997)), Yonemitsu, Y. et al. (Nature Biotech. 18: 970-973
(2000)), or such may be used as an HVJ.

While the Z strain (available from ATCC) of HVJ is generally
preferable for use in the methods using HVJ—liposomes or HVJ-envelopes,
fundamentally, other HVJ strains (for example, ATCC VR-907 and ATCC
VR-105) can also be used. In the methods for preparing a viral envelope,
purified viruses can be inactivated by UV irradiation'and such, and then
mixed with a desired expression vector. Surfactants that may be used
for mixing the virus ahd expression vector are, for example,
octylglucoside,TritonX—lOO,CHAPS,andNP-40.'Viralénvelopevectors
prepared in this manner can be introduced by injection or such into
tissues to be targeted.for'therapy'or disease prevention. Furthermore,
by freezing at -20°C, the viral envelope vectors can be stored for at
least two to three months.

The expression vectors that may be used herein can be any
expression vectors, so long as they.can express a desired gene in vivo.
Examples of the expression vectors are pCAGGS (Gene 108: 193-200 (1991)),
pBK-CMV, pcDNA3.1, and pZeoSV (Invitrogen, Stratagene) |

Representative methods for gene transfer with viral vectors are
those methods using viral vectors such as recombinant adenoviruses and
retroviruses. More specifically, a subject gene canbe transferred into
cells by the steps of: introducing the gene into DNA or RNA viruses such
as detoxicated retroviruses, adenoviruses, adeno-associated viruses,
herpesvirdses, lentiviruses, vaccinia viruses, poxviruses,
polioviruses, sindbis viruses, Sendai viruses, SV40, or human

immunodeficiency viruses (HIV) (see Pharmacol. Ther. 80: 35-47 (1998);



10

15

20

25

30

14

Front. Biosci. 4: E26-33 (1999); J. Recep. Signal. Transduct. Res. 19:
673—686);andtheninfectingcellswiththeresultantrecombinantvirus.
The infection efficiency of adenovirus vectors is much greater
than the other aforementioned viral vectors. Thus,fromthisviewpoint,
the use of an adenovirus vector system is preferred.
Methods for introducing an agent of the present invention during
gene therapy include: the in vivo introduction of a gene therapy agent

directly into the body; and the ex vivo introduction of a gene therapy

‘agent into a cell harvested from the body, followed by reintroduction

of the modified cell into the body (Nikkei Science, April 1994, 20-45;
GekkannYakuji36(l)p23—48,1994;JikkenIgaku(ExperimentalMedicine)
Supplementary Volume, 12 (15), 1994; “Idenshi-chiryo Kaihatsu Kenkyu
Handbbok (Handbook of Gene Therapy Research and Development)”, Nihon
Idenshichiryo Gakkai eds. (The Japan Society of Gene Therapy) Edition,
NTS, 1999). 1In vivo methods are particularly preferred in the present
invention.

Various formulations, (for example, liquifipreparations), suited
to each of the above-mentioned administration methods may be adopted
as the form of the preparations. For example, an injection comprising
a gene as an active ingredient can be prepared by cohventional methods,
which might include dissolving a gené in an appropriate solvent (e.g.
a buffer solution, such as PBS, physiological saline, and sterilized
water), sterilizing by filtration as necessary, and then loading into
a sterile container. Conventional carriers or such may be added to
injection agents as required. Alternatively, liposome preparations,
such as preparations comprising HVJ-liposome, can be prepared as
suspensions, frozen agents, or centrifugally concentrated frozen
agents.

For the therapeutic or preventive agents of this invention, an
HGF gene can be used as the single active ingredient, and can also be
usedtogetherwithotherknownfactorshavingangiogenicfunctions. For
example, factors such as VEGF and EGF have been reported to possess

angiogenic functions, thus genes encoding these factors may be
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concurrently appiied. Furthermore, since growth factors such as EGF
have been reported to repair cell lesions in various tissues, genes
encoding a variety of growth factors may be concurrently used as
necessary. From the description of the present invention, it is clear
to those skilled in the art that the following agents can be used, as
required, in combination with the HGF gene in the therapeutic or
preventive agents of the present invention: other pharmaceutical agents
having therapeutic or preventive effects against a cerebrovascular
disorder to be treated or prevented; and substances that stabilize or
enhance HGF (for example, heparin-like substances (JP-A Hei 10-158190)
and oligosaccharides (JP-A Hei 5-301824)). '~ If these additional
pharmaceutical agents and substances are encoded by genes, the genes
encoding them may be administered together with the HGF gene in the
therapeutic or preventive agents of this invention. '

Appropriate administration methods and sites to be administered
can be selected for the therapeutic and preventive agents of the present
invention depending on the disorders, symptoms, or such to be treated.
Parenteral administration is particularly preferred. The cisterna
magna and lumbar spine are especially preferable administration sites.
The cisterna magna or lumbar spine is punctured into the meningeal, and
then an appropriate amount of spinal fluid is collected to confirm the
puncture site, and to prevent an increase in intracranial pressure. The
therapeutic or preventive agent is then administered. For'example, a
methmdforadministeringHVJ—liposomecomplexusingeacannula,reported
by Hayashi, K. et al. (Gene Therapy 8: 1167-73 (2001)), could be applied
to administer the therapeutic or preventive agents of this invention
into the cisterna magna.

The effect of the therapeutic or preventive agents of this
invention is considered to be caused by using HGF gene administration
to sustain neurons by suppressing apoptosis in the so-called “penumbra”
region around the focus of the cerebral infarction. Therefore,
“therapy” in the.present invention means treatment to reduce the effect

of a blood flow disorder after it occurs in the brain.
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More specifically, a therapeutic effect of the pharmaceutical

agents or methods of this invention refers to an effect whereby the

‘ administration of a pharmaceutical agent or the application of a method

of this invention, after the onset of cerebrbvascular'disorder, reduces

brain tissue damage caused by the cerebrovascular disorder, compared

to when nothing is administered. Therefore, “therapy” in the present

invention encompasses n

ot only complete recovery from the damage, but

also the effect of reducing the degree of damage.

On the other hand, “prevention” in the present invention refers

to a reduction in the effect of a blood flow disorder, by the preventative

administration of an HGF gene prior to the blood flow disorder occurring

in the brain. More spe

have a preventive effec

cifically, HGF gene administration is said to

t when the administration of an HGF gene prior

totheonsetofeacerebrovasculardisorder,suchaseacerebralinfarction,

reduces the brain tissue damage caused by the cerebrovascular disorder

that occurs after administration, compared to when nothing is

administered. Therefore, “prevention” in the present invention

encompasses not only complete recovery from thé'damage, but also the

effect of reducing the

degree of damage.

The terms “therapeutic agent” and “preventive agent” of this

invention are used as

terms that mean pharmaceutical formulations

comprising the above-mentioned functions. The therapeutic methods and

preventive methods of t

of administering a

above~mentioned effect.
On the other hand

refer to conditions in:

his invention are methods comprising the step

pharmaceutical formulation comprising an

, cerebrovascular disorders in this invention

which blood flow to the brain is inhibited.

Disorders that cause inhibition of blood flow to the brain are, for

example, cerebral infarctions and intracerebral hemorrhages.

Inhibited blood flow is not limited to that caused by disease. For

example, conditions of reduced blood flow resulting from a blood vessel

artificially sealed off

vessel due to a wound,

in surgical treatment, and from an injured blood

are included in the cerebrovascular disorders
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of this invention. The cerebrovascular disorders of this invention

- include, for example, cerebrovascular disorders that cause ischemic or

infarcted lesions in the cerebral parenchyma, such as a- cerebral
infarction (cerebral thrombosis, cerebral embolism, and the like),

intracerebral hemorrhage, subarachnoid hemorrhage, hypertensive

encephalopathy, cerebrovascular dementia, and Alzheimer-type dementia.

The therapeutic or preventive agents of the present invention
comprise a sufficient amount of HGF gene to accomplish the objective
intended by the pharmaceutical agent. In other words, the agents of
the present invention comprise an HGF gene in a “therapeutically
effective amount” or a “pharmacologically effective amount”. The terms
“therapeutically effective amount” and “pharmacologically effective
amount” are effective amounts of pharmaceutical agent to produce the
intended pharmacological results, and sufficient amot..ln‘ts to relieve the
symptoms of the patient to be treated. Assays useful in confirming an
effective dose for a particular application are, for example, methods
for measuring the degree of recovery from a targetfdiseese. The amount
thatshouldactuallybeadministeredvariesdependingontheage,weight/
and symptom of the patient being treated, as well as on the administration
method and such, and is preferably an amount optimized to achieve a
desired effect without marked side effects.

Therapeutically effective amounts, pharmacologically effective
amounts, and toxicity can be determined by cell culture assays or
optionally, by using appropriate animal models. Such animal models can
be used to determine the desired concentration range and adﬁxinistration
route for a pharmaceutical agent. Based on these animal models, one
skilled in the art can determine the effective dose for a human. The
dose ratio of therapeutic effect to toxic effect is called the
“therapeutic index”, and this can be expressed as the ratio: ED50/LD50.
Pharmaceutical compositions with a 1large therapeutic index are
preferred.' An appropriate dose is selected according to the dosage form,
the patient’s sensitivity, age, and other conditions, and the type and

severity of the disease. Although the dose of a therapeutic agent of
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the present invention differs depending on the condition of the patient,
the adult dose of an HGF gene is in the range of approximately 1 pg to
approximately 50 mg, preferably in the range of approximately 10 pg to
approximately 5 mg, and more preferably in the range of approximately
50 pg to approximately 5'mg. In particular, since an HGF gene can be
repeatedly administered by an HVJ‘enveldpe method, administration ofA"

the HGF gene can be performed not only once, but’many times, such as

two or three times, to obtain better therapeutic or preventive effects.

‘Such multiple administrations using an HVJ enveldpevare also included

in the therapeutic or preventive methods of this invention.

Brief Description of the Drawings

Fig. 1 is a set of photographs of the TTC-stained coronal slices
of rats (three out of six animals) belonging to the physiological saline
group. '

Fig. 2 is a set of photographs of the TTC-stained coronal slices
of rats (three out of six animals) belonging to the pVAXI group.

Fig. 3 is a set of photographs of the TTC-stained coronal sections
of rats (three out of six animals) belonging to the HGF group.

Fig. 4 is a graph comparing the areas of the infarcted areas in
the physiologicél saline group, the pVAXI group, and the HGF group. A
schematic diagram of the rat brain is shown above right. The coronal
sections were prepared by slicing the brains along the lines indicated
as 1 to 5. The numbers 1 to 5 in the schematic diagram correspond to
those on the horizontal axis. The vertical axis indicates the
percentage (%) of the total coronal slice area that is occupied by the

infarcted area.

Best Mode for Carrying out the Invention

Hereinafter, the present invention will be specifically
illustrated with reference to Examples, but is not to be construed as

being‘limited thereto.
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(1) Production of HGF gene expression vector
Human HGF cDNA (2.2 kb) was inserted between the BamHI and NotI

sites of the pVAX1l vector (Invitrogen).

(2) Preparation of the HVJFenvelope

Immediately prior to its use, the purified Sendai virus (HVJ) (2
strain) was inactivated by UV irradiation (99 mJ/cm?) . Next, the
inactivated HVJ (15,000 hemagglutination units (HAU)) and the vector
produced in (1), or an expression vector not comprising HGF cDNA, were
mixed with 0.3% Triton X-100 solution at 4°C. This mixture was
centrifuged for 15 minutes at 4°C. After removing the supernatant,
buffering salt solution was added to the residue and then centrifuged
for another 15 minutes at 4°C. After removing the supernatant, the

pellet was suspended in 100 pL of phosphate-buffered saline, and used
to investigate the effect on cerebral infarction.

(3) Administration of HVJ envelope-DNA complex to a rat right middle

cerebral artery occlusion model

Wistar rats weighing 250 to 270 g were anesthetized with halothane
(4% at the time of introduction; maintained at 1%). Animals were then
cisternally administered, using a 26 G needle, with: 1) physiological
saline (100 pL) for the physiological saline group; 2) pVAXI (400
png) /HVJ-E (15,000 HAU) (100 pL) for the pVAXI group, comprising vectors
only; and 3) pVAXI-HGF (400 pg)/HVJ-E (15,000 HAU) (100 uL) for the
HGF-administered group. Six animals were used in each group. Three
days after administration, 21 mm of 4-0 nylon suture coatedbwith
poly-L-lysine was inserted from the right external carotid artery into
the right internal carotid artery under halothane anesthesia, to produce
a right middle cerebral artery occlusion model. During this treatment,
the body temperatures of the animals were maintained at around 37°C using
a heating pad, and their blood pressures were measured at the caudal
artery. Neurological evaluation was carried out one hour and 24 hours

after this treatment. Neurological evaluation was performed according
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to the standard shown below, and the total scores of each group were

compared (denoted in Table 1 as the Néurological Severity Score (NSS)).

Theresultswerestatlstlcallyanalyzedu51ngeaMann -Whitney U test with
StadtView 5.0J.

1) Presence of flexion of the left foreleg

0 Not flexed
0.5 Slightly flexed
1 Completely flexed

2) Resistance against lateral compression
0 Same degree of resistance to the rlght and left
0.5 Slightly weakened resistance
1 No resistance

3) Body Posture

0 Normal
0.5 Slightly bent to the left
1 Completely bent to the left

4) Position of the left foreleg
0 Quickly returns to original position
0.5 Returns to original position
1 Does not return to original position
5) Position of the right foreleg
0 Quickly returns to original position
0.5 Returns to original position

1 Does not return to original position
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Table 1

e e

HGF/HVJ pVAXI/HVJ Physiological p-Value

‘ saline
Body weight 250.4 + 2.0 253 + 2.3 251.8 £ 2.4
Blood pressure 88.6 £+ 1.9 88.8 ¢ 88.5 ¢+ 2.1

(before treatment)

Blood pressure 82.4 £+ 1.7 81.2+ 3.8 82.8 + 1.4

(after treatment)

Body temperature 37.4 £+ 0.1 37.310.1 37.2 £ 0.2

(before treatment)

Body temperature 37.6 £+ 0.1 37.1+0.2 37.4 + 0.2

(after treatment)
NSS (1 hr) 1.0 £ 0.2 1.3 £ 0.4 1.4 £ 0.2 p<0.05*
NSS (24 hr) 1.0 £ 0.1 1.4 £+ 0.2 1.3 £ 0.3 p<0.05*

L —— —————  ——————— |

*Compared to the physiological saline group using a Mann-Whitney U test.

As shown in Table 1, differences in blédd pressure and body
temperature during the operation were not observed between the
physiological saline group, pVAXI group, and HGF group. The score for
neurological evaluation was significantly lower for the HGF group than
the other two groups, suggesting that administration of the HGF gene
maintains neurological function. '

The animals were sacrificed 24 hours later, and coronal sections
were prepared every 2 mm from the frontal pole (at the positions indicated
by lines 1 to 5 in the schematic diagram to the top right of Fig. 4).
TTC staining was performed, and the areas of the infarcted areas were
compared (Figs. 1 to 3). To compare these areas, the numbers of pixels
occupied by the infarcted areas were measured using Adobe Photoshop 5.0.
The effect of the edema was taken into consideration, and evaluations
were made according to the following formula: (the lateral area of a
healthy brain - (the lateral area of an infarcted brain - area of

infarcted area))/the lateral area of a healthy brain x 100 (%). Fig.
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4 shows the results. The proportion of the infarcted area compared to
the total area of the coronal section is indicated as a percentage. As
is apparent from Figs. 1 to 4, the infarcted area in the HGF gene

transfected group was confirmed to be reduced.

Industrial Applicability

The above-mentioned results confirmed that the administration of
an HGF gene shows advantageous effects, maintains neuronal function,
and reduces the size of an infarcted area in the early stages of
cerebrovascular disorders, such as cerebral infarctions. More
specifically, HGE was shown to probably play a role in regulating
cerebrovascular disorders. The present invention provides novel
methods for treating cerebrovascular disorders, including cerebral
infarctions, Where the methods involve overexpressing HGF by
introducing an HGF gene. The present methods utilizing HGF gene enable
active treatment of cerebrovascular disorders, including cerebral
infarction, by gene transfer. The present methods also enable
maintenance of neuronal function and inhibition of the infarcted area
in patients for whom appropriate treatment methods did not exist until

now.
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CLAIMS

1. An agent for treating or preventing a cerebrovascular disorder,

wherein the agent comprises an HGF gene.

2. The agent of claim 1, wherein the cerebrovascular disorder is a

cerebral infarction.

3. The agent of claim 1 or 2, wherein the agent is in the form of a
tablet, pill, sugar-coated tablet, capsule, liquid, gel, ointment,

syrup, slurry, or suspension.

4. The agent of any one of claims 1 to 3, wherein the agent is used
to transfer a gene into a cell by a method employing a viral envelope
vector, internal type liposome, electrostatic type liposome,
HVJ-liposome, or improved HVJ-liposome, a receptor-mediated gene
transfer method, a method for transferring a nucleic acid molecule along
with a carrier into a cell by using a particle gun, a direct introduction

method using a naked-DNA, or an introduction method using a cationic

polymer.

5. The agent of any one of claims 1 to 3, wherein the agent is used

to transfer a gene into a cell by employing an HVJ—envelope.

6. A method for treating or preventing a cerebrovascular disorder,
wherein the method comprises the step of introducing an HGF gene into

a mammal.

7. The method of claim 6, wherein the cerebrovascular disorder is a

cerebral infarction.

8. The method of claim 6 or 7, wherein the method comprises the step

of introducing an HGF gene into a mammal two to three times by employing
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an HVJ-envelope.

9. Use of an HGF gene to produce an agent for treating or preventing

a cerebrovascular disorder.

10. The use of the HGF gene of claim 9, wherein the cerebrovascular

.disorder is a cerebral infarction.
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ABSTRACT

The present invention provides novel methods for treating
cerebrovascular disorders, in which HGF is overexpressed by introducing
an HGF gene. The methods of this invention using an HGF gene enable
active treatment of cerebrovascular disorders, such as cerebral
infarction, by gene transfer, and enable the maintenance of neuronal
function and the suppression of infarcted areas in patients for whom

appropriate treatment methods were unavailable until now.
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